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Abstract 

We examine the three-body baryonic B — )• BB'y decays with V vector mesons in the standard 
model. We can simultaneously explain the recent experimental data on the decays of — )• Kp 
and B — )■ AA^* based on the QCD counting rules and SU{3) flavor symmetry. We also predict 
that the decay branching ratios of B^ — )• Ap and B~ — )• Ap(j) are 3.0 and 1.5 x 10"^, respectively, 
which are promising to be observed by BELLE and BABAR at the B factories. 
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I. INTRODUCTION 



Large decay branching ratios as well as angular distribution asymmetries have been mea- 
sured in the charmless three-body baryonic B — )■ BB'M decays, where M can be either 
pesudo-scalar (P) or vector {V) mesons l|-l8|. In particular, the threshold effect of the 
sharp peak around the threshold area in the dibaryon invariant mass spectrum has been ob- 



served as a common feature in these baryonic decays 



l|-[8|, which makes the decay branching 



ratios reach to the magnitude of order 10~^, accessible to the detection at the B factories. 
Furthermore, it partly gives the answer of the non-observations of the two-body baryonic 
B decays j^l, such as B^ — t- pp, A A, and B~ — Ap [lo|, since the dibaryon of the two-body 
decays can only be created at the scale without an extra meson to release the energy, 
which is far from the enhancement of the dibaryon threshold area. 

In this note, we consider the baryonic decays of 5 — t- BB'V, which have not been 
fully analyzed theoretically, unlike the corresponding pesudoscalar modes of -B — BB'P. 
Currently, the decay branching ratios of the vector modes have been measured to be j4-8| 



B{B~ ppK* 



B{B" ppK 

B{B' AAK*~) 
B{B^ AAK*^] 
B{B~ ^ App°) 



5.3 ± 1.5 ± 1.3) X 10"^ (BABAR) , 
3.38^°:^j^ ± 0.39) X 10"^ (BELLE) , 
1.47 ± 0.45 ± 0.40) X 10"^ (BABAR) 
l.lStoil ± 0.11) X 10"^ (BELLE) , 
2.19tlil ± 0-33) X 10-^ (BELLE) , 
2.46+[}:^^ ± 0.34) X 10"^ (BELLE) , 
A.78toil ± 0.60) X 10"^ (BELLE) , 



(1) 



at the B factories, respectively. It is interesting to note that B~ — )■ ppK*~ is among the 
first predicted baryonic modes in Ref. jll| with the predicted decay branching ratio around 
2 X 10"^. The relation of B{B~ — )■ ppK*~) > B{B^ — )• ppK*^) can be traced to the deviation 
between the transition form factors of B^ — )■ pp and B^ — )■ pp in the pQCD counting rules 
12 1 . In addition, CP violation for B~ ppK*~ Q, Q is found to be nearly 20% of 
the world average {4, 5| even though it is still inconclusive experimentally due to the data 
errors. It is clear that a theoretical examination on B ^ BB'V^ is needed in order to fit the 
experimental data. In this paper, we shall develop a systematic study of the B — > BB'l^ 
decays to not only explain the measured data but also explore some other vector modes to 



see if they are also accessible to the B factories. 

The paper is organized as follows. In Sec. II, we provide the formalism, in which we show 
the decay amplitudes of 5 — t- App, B~ Ap(f), and B AAK* . We also parameterize 
the matrix elements and define the timelike and B — )■ BB' transition form factors. The 
numerical results are performed in Sec. III. In Sec. IV, we present the conclusions. 



II. FORMALISM 



In terms of the effective Hamiltonian 



15 



16| at quark level, the decay amplitudes of 



B — Ap p and B — Ap can be factorized as 



Ac{B ^ App) = - VtbVZa^){Ap\{su)v^A\0){p\{ub)v^A\B) 

+VtbV*2a(^{Ap\{su)s+p\0){p\iub)s-p\B) 



{Ap\{sb)v-A\B^)'^ , (2) 

with the Fermi constant Gp, the CKM matrix elements Vg-q., and the various currents as 
iQiQj)v±A = ^17^(1 ± l5)qj and {qiqj)s±p = qi{l ± 75)?^. The subscripts of C and T in Eq. 
([2]) denote the quark current and the B transition, respectively, responsible for the creation 
of a baryon pair in the final states. For B — )■ AA^*, its decay amplitude is separated into 
two parts, 

A{B AAK*) = Ac{B AAK*) + Ar{B AAK*) , 



(3) 



where 



AciB AAK*) = 



Gp 
71 



v^bV:M^Miuu)v^A\o) 



-VtbVtl \^a3{AA\{uu + dd + ss)v-a\0) 

+a^{AA\{ss)v-A\0) + a5{AA\{uu + dd + ss)v+a\0) 

{K*\{sb)v-A\B) 



ag 



Ar{B AAK* 



+^(AA|(2mm -dd- ss)v-a\^) 



+VtbV:,2a,{AA\{ss)s+p\Q){K*\{sb)s-p\B) 
Gp 



V2 



aR, {K* I {sq')v_A\0) (AA| {q'b)v-A\B) , 



(4) 



with g' = u{d), corresponding to B~ -)> AAK*~ (5° AAi^*"), and 



ax*' = VubV*^ai - VtbV*^a4 ■ 



(5) 



In Eqs. ©-([SD, the parameters are given by = c^^-^ + c'l^{/Nc for i =odd (even) with 
the color number A^^ = 3, where we adopt the values of the effective Wilson coefficients c^-^'^ 
from Refs. 



15 



16|. 



To evaluate the decay branching ratios, one requires to know the form factors and decay 
constants of the matrix elements in Eq. (j4]). In Ac{B — t- App) and Ac{B KKK*), the 
form factors of the B ^ p and K* transitions are given to incorporate with the timelike 
baryonic form factors in the matrix elements of — >■ BB' with BB' = Ap and AA. The 



matrix elements of the B transition are written as 



17| 



{V\{q,h)s-p\B) = 2t'^Ao e*-ps 
nib 



{V\{q,h)v\B) = e^,^pe*''p%p^y 



2Vi 



rriB + mv 



(y\{q^h)A\B) 



* £ ■ q 

^A* 



{Pb + Vv) 



£ ■ q 

{ttlb + mv)Ai + i—^q^{2mv)AQ 



1 1 
vrif, — my 



t 



{e* ■ q) 



A. 



m§ + my 



(6) 



where t = q^ with q = Pb " Pv = Pb + PS'; ^0,1,2 are the form factors, and e* is 

the polarization of V = p {K*) with q^ = u (s), respectively. For the dibaryon creations, we 
write 



(BB'|(gig2)v|0)=M(pB) Fi(t)7M + 



u{p^)l[F^{t) + F^{t)]-i^ + 



hA{t) 



i(^fiu{PB' +Pb)i, >v{Pb' 



m-B + TTli 



iPB'-PB)i. >v{p 



(BB'|(gig2)A|0) = u{PB)^9A{th, + 
{BB'\{q^q2)s\0) = fs{t)u{pB)v{pn,) , 
(BB'|(gig2)p|0) = gp{t)u{pBhMPB') 



i^B + m^, 



(7) 



where BB' = Ap with qiq2 = su, BB' = AA with qiq2 = uu, dd, or ss, and Fi, F2, qa, hA, fs 



and gp are the form factors. In terms of the pQCD counting rules 



18|-[20||, the momentum 



dependences of the form factors Fi{t) and gA{t) behave as which characterizes two 

hard gluon exchanges between the valence quarks. Exphcitly, one obtains 



t2 



9A{t) 



C. 



9A 



where 7 = 2 + 4/(3/3) = 2.148 with (3 being the QCD f3 function and Aq = 0.3 GeV. Under 
the SU{3) flavor and SU{2) spin symmetries, the constants Cp-^ and Cg^ can be related by 
another set of constants, given by 21 1 



C 



Fi 



a 



aA 



■ 2^11 ' 



for {Ap\{su)v,a\0), 

for {AA\{ss)v,a\0), 
:C\\-lCjr, for (AA|(g,g,)v^,^|0), 



with qi = u and d, respectively. Similarly, one has [22 1 



9p = fs ■ 



(9) 



(10) 



By adding 



fs{t) 
hA{t) 



qi 



m 



Fi{t) , 



12 



t 



-9A{t) 



(11) 



which are derived in equation of motion, all the timelike baryonic form factors can be 
connected. With the inputs of the values of C\\ and C-^ in Eq. ([9]), we are able to estimate 
the values of the other timelike form factors by the relations in Eqs. fl8l)- f|TTl) . Note that F2 



23 



is suppressed by l/(tln[i(:/AQ]) in comparison with Fi 
the discussion. 

For At{B^ Apcfy and At{B AAK*), the ^ V {V 
parameterized as 

(^I^i7m92|0) = my/y£* , 



24j | and can be safely ignored in 



K*) transitions can be 



(12) 



with the decay constants fy- The most general forms of the B — t- BB' transitions are 
expressed as [25 1 



{BB'\{q3b)v\B) = iu{pB)[9l'y^, + 92i(TiJivP'' + 9zPpi + 9^% + 5'5(Pb' - Pb)a.]75^'(Pb') , 
(BB'|(g36)^|S) = w(pb)[/i7/. + f2i(^,,uP'' + hP/i + f4q,j, + MPb' - Pb)/.]^^(Pb') , (13) 



with p = Pb — Pb — Pb' ) 



and gi are represented as 



26 



fi and Qi the form factors. The momentum dependences of fi 



27| 



9i 



D 



_SH_ 



(14) 



with n = 3, where Df^ and Dg- are the constants to be determined by the B — ppM data, 
while the form factors of B~ — )■ Ap, B — )■ AA, and B ^ pp are in the same forms. We note 
that the number n = 3 is set for three hard gluons as the propagators to form a baryon pair 
in the approach of the pQCD counting rules, where two of them attach to valence quarks 
in BB', while the third one kicks and speeds up the spectator quark in B. Again, with the 
S'f/(3) flavor and SU{2) spin symmetries, Dg^ and Df. from the vector currents are related 



by another set of constants D|| and Dtt of the chiral currents. Explicitly, we have 21 



D\\ , D„ 
2 II ' 9, 



with J = 2, 3, 5 for {Kp\{sb)v(A)\B ), and 



D 



91 



2 ' 



2 " 



-Djr, D. 

2 II ' 



m 

(15) 
(16) 



for (AA|(j6)y(A)|50) and (AA|(M6)y(A)|5-). 



III. NUMERICAL ANALYSIS 



We now specify various input parameters for our numerical analysis. The vector decay 
constants in Eq. f|T2l) are given by 29 1 



/xO = (0.231, 0.217) GeV, 



(17) 



and the B ^ V transition form factors in Eq. ^ as the functions of t are written as [3 

^i[^](0) 



MM 



l-CTit/Ml + as^VM; 



4 ' 



(18) 



where the values of Vi(0), ^0,1,2(0! 
Based on the approach in Ref. 



(Ji^2 and Ml 2 are shown in Table |T] 30 1 



3l|, we refit the baryonic form factors with the measured 



branching ratios of B^ — )■ npD*~^, B^ — > ApTT"*" and B AAK , and obtain 

= 136.4 ±8.2 GeV\ Cm = 13.8 ± 127.0 GeV^ (19) 
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TABLE I. The form factors of B ^ K* (p) at t = in Ref iM] with (Mi, M2) = (5.37, 5.42) and 
(5.27, 5.32) GeV for K* and p, respectively. 



B^K* (p) 




^0 


Ai 


A2 


f(0) 


0.44 (0.31) 


0.45 (0.30) 


0.36 (0.26) 


0.32 (0.24) 


0-1 


0.45 (0.59) 


0.46 (0.54) 


0.64 (0.73) 


1.23 (1.40) 


0-2 






0.36 (0.10) 


0.38 (0.50) 



TABLE II. Numerical results in units of 10"^ for the branching ratios are presented in column 2, 
where the theoretical errors come from the uncertainties in the form factors, in comparison with 
the world averaged experimental data in column 3. 



decay mode 


our result 


data 


B~ App° 


3.28 ±0.31 


4.78 ± 0.90 


B° App+ 


3.01 ±0.31 




B~ Ap(j) 


1.51 ±0.28 




B- AAK*- 


1.91 ±0.20 


2.19 ± 1.18 


B^ AAK*^ 


1.76 ±0.18 


2.46 ± 0.93 



Note that since At{B~ Ap0), Ar{B AAK*), and Ar{B AAK) (32| are in associ- 
ation with the B — )■ ppM decays with M = D^*\ -RT*, and vr, we have adopted the values of 



the B — 7- BB' transition form factors in Refs. 



33 



34| . given by 



(D||, Dj^) = (67.7 ± 16.3, -280.0 ± 35.9) GeV^ 
{Dl Dl D^, Dl) = 

(-187.3 ± 26.6, -840.1 ± 132.1, -10.1 ± 10.8, -157.0 ± 27.1) GeV^ . (20) 

The squared amplitudes by summing over baryon spins denoted as \A\'^ now become avail- 
able, of which the integration over the phase space in three-body decays is required. Explic- 
itly, by using 



dV 



1 \A' 

(27r)3 32A'/| 



(21) 



with rrigg, = (Pb ± PwY and rn^iy = (Pg/ ± Py)'^, we get the numerical results for the 
branching ratios, summarized in Table Ull 



It is worth to point out that the measured values of 13{B~ — )> Ap p") and B{B — t- AAK*) 
are not involved in the fitting. As seen from Table HIl our result of B{B^ — t- Ap p°) = 
3.28 X 10"^ is now able to explain the data. This is mainly due to the relation of gp = fs in 
Eq. flTU]) to fully take into account qp, whereas the use of equation of motion with the chiral 
behavior may underestimate gp 22|. It is interesting to note that the decay of — t- Ap7r+ 
is similar to its corresponding vector mode, which was measured to be ten times bigger than 



the previous calculation 



11 



26] . The contributions of the scalar and pseudo-scalar currents 
are thus compatible, and the ag term in Ac of Eq. (|2]) gives the main contribution due 
to the chiral enhancement. In fact, B — )■ AA^* is also dominated by the ag term in Ac 
since the contribution of g2{f2)<^ij,v(f prevails over those of the other terms in the B — t- BB' 
transition form factors with Dg^ = Df^ = in Eq. flTiBD as demonstrated in the study of 
B ppK*. Apart from B{B' ppp-) ~ 2 x 10"^ [jj], Ap p+) = 3.01 x 10"*^ 

and B{B~ Apcj)) = 1.51 x 10^^ can be within reach with the data sample accumulated 
by BELLE and BABAR at the B factories. 



IV. CONCLUSIONS 



We have analyzed the B — t- BBV decays based on the approach of the pQCD counting 
rules and SU{3) flavor and SU{2) spin symmetries. We have found that the decay branching 
ratio of B~ Ap p° is ten times bigger than the previous theoretical prediction and agrees 
with the current experimental data. We have also shown that B — t- AA^* is dominated by 
the ae term in Ac-, and its value is comparable to the measured data as well. In addition, we 
predict B{B^ Ap p^) = 3.0 x 10"^ and B{B~ Apcj)) = 1.5 x 10"^, which are promising 
to be observed by BELLE and BABAR as well as LHCb. 
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